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1
LED-BASED LIGHT FIXTURE

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Patent Application No. 61/709,957 filed on Oct. 4, 2012, the
contents of which are hereby incorporated by reference for all
purposes.

FIELD OF THE INVENTION

Embodiments of the present invention generally relate to
LED-based light fixtures. In particular, LED-based light fix-
tures are presented that include an LED light source, a
waveguide, and mounting components, and that are config-
ured for attachment to a substrate to advantageously function
without a reflector and without a backing plate.

BACKGROUND OF THE INVENTION

In general, a troffer is a rectangular light fixture configured
to fit into a modular dropped ceiling grid (for example, a
two-foot by two-foot space, or a two-foot by four-foot space),
and typical designs accommodate standard-size fluorescent
lamps (such as T12, T8 or T5 bulbs). A waveguide troffer is a
ceiling mounted luminaire or fixture that generally faces
downward, and its purpose is to illuminate a space in a room,
for example. Conventional waveguide troffers often include a
light source, an opaque back cover, a reflector, a waveguide,
and a front protector (which may be translucent to diffuse
light from the light source, or may be transparent to allow the
light from the light source to pass through). The optical sys-
tem of such waveguide troffers operates to couple the light
from the light source (typically one or more light-emitting
diodes (LEDs)) into the waveguide. The waveguide has light
extraction features that enable a portion of the light to exit the
waveguide in a downward direction through the front protec-
tor and onto the space to be illuminated. However, the
waveguide also directs a portion of the extracted light upward
onto the reflector which then reflects that portion of light
downward towards the space to be illuminated.

FIG. 1 is an exploded view of a conventional LED-based
luminaire 100 that is configured to act as a troffer. One such
typical luminaire is known as the LUMINATION™ LED
Luminaire (which is available from GE Lighting Solutions,
LLC), which produces an even glow and thus delivers excep-
tionally uniform light to fill a space. Such a luminaire may be
configured to fit within a predefined space normally occupied
by a ceiling tile within a dropped ceiling, for example, and has
a front surface that lies flat or flush with the other ceiling tiles
when in place. When not illuminated, such a luminaire may
appear to a viewer as being free of a visible light source, and
thus may blend in with the ceiling pattern or ceiling tile
pattern.

Referring to FIG. 1, the LED-based luminaire 100 includes
a light source 102, which generally includes a plurality of
edge-lighting LEDs. The LEDs are positioned to be in optical
communication with a light guide 104 (for example, a sub-
stantially planar waveguide). A reflector 106 is positioned
above the light guide 104 and below a backing plate 108
(which may be, for example, an opaque back cover or a
metallic plate). Thus, the reflector 106 is sandwiched between
backing plate 108 and the light guide 104. A diffuser screen
112 is typically included on the outward-facing or downward-
facing side of the LED-based luminaire 100, and operates to
mix and/or diffuse the light emitted by the light source 102
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and waveguide 104 configuration. Lastly, a trim portion 114 is
provided for mechanical support of the various components,
and may be designed to provide aesthetic appeal, for example,
by matching the frame portions 116 surrounding the ceiling
tiles 110.

SUMMARY OF THE INVENTION

A light fixture according to an embodiment includes a
waveguide having a front surface and a rear surface for emit-
ting light, the waveguide configured to optically couple to a
surface of a substrate. The light fixture also includes at least
one LED light source disposed on an edge of the waveguide to
emit light into the waveguide. The waveguide is configured to
emit a first portion of the light above the rear surface for
reflection by the surface of the substrate back into the
waveguide and through the front surface of the waveguide,
and to emit a second portion of the light through the front
surface.

The LED-based light fixtures presented herein advanta-
geously create aunique look or present a different light fixture
or lamp presentation because an underlying substrate, such as
adecorative ceiling tile, is visible and apparent to an observer
(for example, a consumer) when the LED-based lamp fixture
is emitting light and when no light is being emitted. Such
LED-based lamp fixtures according to the described embodi-
ments enhance any underlying design of the substrate or
ceiling tile when mounted thereon. Moreover, embodiments
disclosed herein may provide improved optical efficiency of
from between about 2% to about 8% or more in comparison to
conventional LED-based troffers because no reflectors and/or
backing plates are utilized, and thus a portion of the light
exiting the top surface of the waveguide is not being absorbed
in areflector. Instead, this light is reflected back by a substrate
(such as a ceiling tile) through the waveguide and outwards
(downwards) through a transparent diffuser and output on an
area to be illuminated.

In an advantageous embodiment, a light fixture kit includes
a waveguide having a front surface and a rear surface. The
waveguide is configured to optically couple to a surface of a
substrate and to emit a first portion of light above the rear
surface for reflection by the surface of the substrate, and to
emit a second portion of light below the front surface. The kit
also includes at least one LED light source disposed on an
edge of the waveguide to emit light into the waveguide, and
mounting hardware configured for attaching the rear surface
of the waveguide to the surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects and/or features of the invention and many of their
attendant benefits and/or advantages will become more
readily apparent and appreciated by reference to the detailed
description when taken in conjunction with the accompany-
ing drawings, which drawings may not be drawn to scale.

FIG. 1 is an exploded view of a conventional LED-based
luminaire that is configured to act as a troffer;

FIG. 2 is aside view of an LED-based troffer or LED-based
light fixture according to an embodiment of the invention;

FIG. 3 is a bottom view of the LED-based troffer of FIG. 2
to illustrate that pattern markings on a substrate are visible
through a substantially transparent diffusive cover and
waveguide in accordance with the invention; and

FIG. 4 is an enlarged, cutaway side view of an edge region
of'the LED-based troffer of FIG. 1 illustrating details thereof
in accordance with embodiments of the invention.
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DETAILED DESCRIPTION

In general, and for the purpose of introducing concepts of
embodiments, described are LED-based lighting fixtures that
permit the propagation of light throughout its structure, and in
particular to LED lighting fixtures that include a waveguide to
guide and/or to reflect light from one or more LEDs towards
an area to be illuminated. In some embodiments, the
waveguide provides a substantially uniform distribution of
light from at least one LED light source to at least two edges
of'the LED-based lighting fixture, and possesses light extrac-
tion features which enable a portion of the light to exit the
waveguide. In some implementations, the light extraction
features of the waveguide direct the light downward, for
example from a ceiling, onto the space to be illuminated. In
particular, LED-based lighting fixtures in accordance with
some embodiments described herein do not include any inter-
vening material between the waveguide and a substrate to
which the lighting fixture is affixed. Thus, absent from these
described embodiments are, for example, reflectors and back-
ing plates and/or any other type of opaque material that are
found in conventional troffers between the waveguide and a
substrate (for example, a ceiling tile or a wall panel). In such
configurations, the waveguide is immediately adjacent to or
touching the substrate, with nothing but air between them.
However, in some embodiments at least one transparent mate-
rial is included, such as a transparent protective cover, which
may be positioned between the waveguide and the substrate
as a protective layer.

A waveguide is typically defined by an extended region of
increased index of refraction relative to the surrounding
medium. For present purposes, a suitable waveguide has a
thin aspect, which may be considered a thin slab, and may be
of any arbitrary shape, but is often rectangular. In some
embodiments, the waveguide may be relatively thin, for
example, from about 1 millimeter (mm) to about 100 mm in
thickness or greater (in some implementations, the
waveguide may be from about 1 mm to about 10 mm thick,
and in a particular embodiment may be about 4 mm thick). In
some embodiments described herein, the waveguide may be
fabricated, for example, from one or more of glass, plastic,
polymers, or the like. The waveguide may also have a highly
transmissive characteristic (for example, 50-99% transmis-
sive, and in a particular implementation may be about 98%
transmissive) when the LED-based lighting fixture is being
viewed in an OFF condition such that it is not in operation.
Such high transmission levels advantageously allow ambient
light to pass through the LED-based lighting fixture when itis
OFF so that the underlying substrate, for example a ceiling
tile, can be seen in detail by an observer. This permits any type
of ceiling pattern, for example, to be seen there-through such
that LED-based ceiling tile fixtures according to embodi-
ments have the appearance of having the same pattern as the
adjacent ceiling tile onto which that LED-based ceiling tile
fixture is affixed when the LED light source is not energized.
Such LED-based ceiling tile fixtures are less expensive than
conventional troffers and are also more aesthetically appeal-
ing to consumers.

FIG. 2 is a side view of an LED-based troffer 200 or
LED-based light fixture in accordance with an embodiment.
In this example, the LED-based troffer 200 is configured as a
ceiling tile light fixture to provide light during operation in the
direction of arrows 201, in a generally downward direction.
The troffer 200 includes a light guide or a waveguide 202
which may be affixed to (or positioned adjacent to) a ceiling
tile 204 by mounting brackets 206 and within a trim or frame
208. In some embodiments, the LED-based light fixture is
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typically attached to a substrate (such as a ceiling tile or wall
panel) by mounting hardware such as steel grids, furring
strips, tack and clip systems, high strength adhesives, screws,
nails, pins, mounting brackets, or the like. In general, the
LED-based light fixture may be mounted in any effective
manner, including known methods for affixing luminaires to
ceiling tiles. An LED light source (not shown) may include
components (not shown) that are housed within a portion of
the brackets 206 and/or the frame 208, and are mounted on at
least one edge of the waveguide 202 so as to direct light into
the edge(s) of the waveguide 202. In some embodiments, the
LED light source includes components such as a plurality of
LEDs, driver circuitry which may be housed on one or more
printed-circuit boards (PCBs), one or more heat sink(s), and
electrical lead wires for connecting to a power supply (not
shown). In some implementations, the LED-based trofter 200
also includes a power supply for supplying power to one or
more of the LEDs ofthe LED light source, and may include a
controller for controlling one or more of output light intensity,
color, and a desired shape of the light provided by the LED
light source (not shown).

In some embodiments, the shape of the waveguide is
designed to substantially conform to an outward surface of a
substrate, such as a ceiling tile or wall panel. For example, if
a ceiling tile has a generally flat bottom surface (which sur-
face faces towards a floor when installed), then the waveguide
will also have a generally flat surface. In some cases, sub-
strates such as ceiling tiles that are substantially flat also
include decorative patterns inscribed therein, or have some
curvature. In such cases, the waveguide 202 may still be
substantially flat, which may depend on considerations such
as aesthetics and cost factors.

Referring again to FIG. 2, the waveguide 202 functions to
(as explained earlier) emit light both above a rear surface and
below a front surface of the waveguide (which will be
described in more detail below). In some embodiments, a
light diffusive cover 210 is disposed adjacent to an outside
surface of the waveguide 202. Such a light diffusive cover 210
functions to diffuse or soften the light being emitted from the
LED-based troffer 200, to even out the light directed down-
ward to reduce glare and harsh shadows. However, in contrast
to the conventional troffer 100 shown in FIG. 1, the LED-
based troffer 200 does not include a reflector and does not
include any other type of opaque layer or cover between the
waveguide 202 and the substrate or ceiling tile 204. But in
some embodiments, a clear or transparent protective layer or
transparent protector (not shown) may be disposed between
the waveguide 202 and a substrate (such as the ceiling tile
204). Accordingly, some embodiments replace both a back
cover and a reflector found in conventional waveguide trof-
fers with a clear protector layer.

In FIG. 2, the waveguide 202 is optically coupled with the
surface of the ceiling tile, but it should be understood that
many other substrates may be used and are contemplated. For
example, the substrate may be any one or more of a variety of
structural elements that can typically found in a home or
office, and/or inside or outside a house or a building. In
particular, suitable substrates may include a portion of a ceil-
ing, ora wall of a building (an indoor wall or an outdoor wall),
or an indoor floor, or an outdoor floor (such as a sidewalk), or
steps, or a path, or an exterior portion of a cabinet, or an
exterior portion of a piece of furniture. In many embodiments,
the substrate may comprise a conventional ceiling tile having
any number of various functional and decorative patterns. For
example, a particular type of ceiling tile may have a generally
planar, rectangular shape, and can be fabricated from one or
more materials such as perlite, wood, metal, mineral fiber,
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mineral wood, plastic, tin, aluminum, PVC, or the like. In
such cases, the waveguide 202 may be modified or custom-
ized in some implementations to enhance features of the
substrate by modulating the extraction of the light.

FIG. 3 is a bottom view 300 of the LED-based troffer 200
of FIG. 2. As shown, the ceiling tile 204 includes pattern
markings 302A and 302B that are visible through the diffu-
sive cover and waveguide (which are substantially transpar-
ent) of the LED-based light fixture 200. Accordingly, any
pattern markings appearing on the substrate would be visible
through the substantially transparent diffusive cover and
waveguide. Also shown is the trim piece or frame 208 which
provides mechanical support and stability to the LED-based
trofter, and which may be designed or configured to match the
design and/or configuration and/or color of any supporting
structure or framework surrounding other ceiling tiles in a
particular room, for example.

FIG. 4 is an enlarged, cutaway side view 400 of an edge
region (labeled “400” in FIG. 1) of the troffer 100 of FIG. 1.
A light assembly 402 includes drive circuitry 404 (that may
include one or more of the components discussed above) and
aplurality of LED light sources 406 positioned adjacent to an
edge 203 of the waveguide 202. The arrow 408 depicts light
emanating from at least one LED light source 406 (in some
embodiments, a plurality of LEDs are utilized) disposed at the
edge 203 of the waveguide 202. In some embodiments, the
light is internally reflected as shown through a predefined
portion of the waveguide 202, and then eventually a portion of
the light 408A is emitted below the waveguide 202 (in a
downward direction towards the area to be illuminated), and
a portion of the light 408B is emitted above the waveguide
202 (in an upward direction, towards the substrate or ceiling
tile 204). The light portion 408B will generally be reflected
back downward by the ceiling tile 204. This reflected light
408C then travels through both the waveguide 202 and the
light diffusive cover 210 in a downward direction as part of
the emitted light falling on the area to be illuminated. Thus,
the upward portion 408B of the light extracted by the light
extracting features of the waveguide 202 exits the LED-based
luminaire towards the ceiling tile 204 and then is reflected
downward by the ceiling tile.

In some embodiments, a hard transparent coating or
durable transparent coating may be adhered to the bottom
surface (or the exposed portion) of the waveguide as a trans-
parent protective layer. Such a transparent protective layer
may achieve, for example, dust protection and/or scratch
protection for the waveguide.

In some embodiments, a kit may be produced and/or pro-
vided for purchase by a consumer, for example, that permits
the consumer to construct a LED-based lamp fixture in accor-
dance with the embodiments described herein. Thus, the kit
may include a waveguide, at least one LED-based light source
disposed on an edge of the waveguide (or for attachment to an
edge of the waveguide), a frame, and mounting hardware. The
LED-based light source provided with the kit is configured to
emit light into the waveguide, and the waveguide may be
designed or customized to optically couple to a surface of one
or more types of substrate, such as a ceiling tile or wall panel.
Written and/or audible instructions may also be provided to
enable a consumer to mount or affix the kit components
together and to a substrate to create an LED-based troffer or
LED-based lighting fixture according to the embodiments
described herein.

LED-based lamp fixtures in accordance with the embodi-
ments described herein may advantageously exhibit
improved light output capabilities in comparison to conven-
tional troffers. In particular, the fact that the LED-based lamp
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fixtures lack a reflector means that there is no reflector to
absorb a portion of the light from the LED light source. Thus,
the optical efficiency of the LED-based lamp fixture 200 may
be improved from between about 2% to 8% or more in com-
parison to a conventional LED-based troffer because a por-
tion of the light exiting the top surface of the waveguide is not
being absorbed in a reflector. Instead, this reflected light is
reflected back by a substrate (such as a ceiling tile) through
the waveguide and outwards (downwards) through a trans-
parent diffuser and output on an area to be illuminated.

In addition, LED-based lamp fixtures in accordance with
the embodiments described herein may beneficially create a
unique look because the underlying substrate, such as a deco-
rative ceiling tile, is visible and apparent to an observer (for
example, a consumer) when the LED-based lamp fixture is in
either of the ON and/or OFF state (i.e., when it is emitting
light and when no light is being emitted). In particular, LED-
based lamp fixtures according to the described embodiments
enhance any underlying design of the substrate or ceiling tile
when mounted thereon. For example, a ceiling may include
ceiling tiles having a checkerboard pattern, and when the
LED-based lamp fixtures according to embodiments
described herein are affixed to such ceiling tiles, light can be
emitted that is also in a checkerboard pattern.

The above description and/or the accompanying drawing is
not meant to imply a fixed order or sequence of steps for any
process referred to herein; rather any process may be per-
formed in any order that is practicable, including but not
limited to simultaneous performance of steps indicated as
sequential.

Although the present invention has been described in con-
nection with specific exemplary embodiments, it should be
understood that various changes, substitutions, and alter-
ations apparent to those skilled in the art can be made to the
disclosed embodiments without departing from the spirit and
scope of the invention as set forth in the appended claims.

What is claimed is:

1. A light fixture, comprising:

a waveguide having a front surface and a rear surface for
emitting light, the waveguide configured to optically
couple to a surface of a substrate;

at least one LED light source disposed on an edge of the
waveguide to emit light into the waveguide, the
waveguide configured to emit a first portion of the light
above the rear surface for reflection by the surface of'the
substrate back into the waveguide and through the front
surface of the waveguide, and to emit a second portion of
the light through the front surface; and

a transparent protector disposed between the rear surface
of the waveguide and the surface of the substrate,
wherein the rear surface of the waveguide is facing away
from an area to be illuminated.

2. The light fixture of claim 1, further comprising a frame
configured to support the waveguide and the at least one LED
light source.

3. The light fixture of claim 1, further comprising mounting
hardware for attaching the rear surface of the waveguide to
the substrate.

4. The light fixture of claim 1, further comprising a diffu-
sive cover affixed to the front surface of the waveguide.

5. The light fixture of claim 1, wherein the transparent
protector is affixed to the rear surface of the waveguide.

6. The light fixture of claim 1, wherein the at least one LED
light source comprises at least one of a plurality of LEDs,
driver circuitry, at least one heat sink, and electrical lead
wires.
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7. The light fixture of claim 1, further comprising at least
one of a power supply connected to at least one LED of the
LED light source, and a controller connected to at least one
LED light source for controlling at least one of output light
intensity, color, and a shape of emitted light.

8. The light fixture of claim 1, wherein the substrate com-
prises a ceiling tile.

9. The light fixture of claim 8, wherein the waveguide is
shaped to substantially conform to the shape of the ceiling
tile.

10. The light fixture of claim 1, wherein the substrate
comprises at least one of a substantially planar shape, a rect-
angular shape, and a square shape.

11. The light fixture of claim 1, wherein the waveguide has
a thickness in a range of from about 1 millimeter (mm) to
about 100 mm.

12. The light fixture of claim 11, wherein the waveguide
has a thickness of about 4 mm.

13. The light fixture of claim 1, wherein the waveguide is
fabricated from at least one of glass, a plastic material, and a
polymer material.

14. The light fixture of claim 1, wherein the waveguide is
about 50% to about 99% light transmissive.

15. The light fixture of claim 14, wherein the waveguide is
about 98% light transmissive.

16. A light fixture kit, comprising:

a waveguide having a front surface and a rear surface, the

waveguide configured to optically couple to a surface of
a substrate and to emit a first portion of light above the
rear surface for reflection by the surface of the substrate,
and to emit a second portion of light below the front
surface;
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at least one LED light source disposed on an edge of the
waveguide to emit light into the waveguide;

a transparent protector disposed between the rear surface
of the waveguide and the surface of the substrate,
wherein the rear surface of the waveguide is facing away
from an area to be illuminated; and

mounting hardware configured for attaching the rear sur-
face of the waveguide to the surface of the substrate.

17. The light fixture kit of claim 16, further comprising a
frame configured to support the at least one LED light source
and the waveguide.

18. The light fixture kit of claim 16, further comprising a
diffusive cover affixed to the front surface of the waveguide.

19. The light fixture kit of claim 16, wherein the transparent
protector is affixed to the rear surface of the waveguide.

20. The light fixture kit of claim 16, wherein the at least one
LED light source further comprises at least one of a plurality
of LEDs, driver circuitry, at least one heat sink, and electrical
lead wires for connection to a power supply.

21. The light fixture kit of claim 16, further comprising
further comprising at least one of'a power supply connected to
the at least one LED light source, and a controller connected
to the LED light source for controlling one or more of output
light intensity, color, and a desired shape of the light emitted
by the LED light source.

22. The light fixture of claim 16, wherein the substrate is a
ceiling tile.

23. The light fixture kit of claim 22, wherein the waveguide
is shaped to substantially conform to the shape of the ceiling
tile.



